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the pathophysiology of burns the reader may strengthen understanding of the clinical progression
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decide if patients can be discharged, admitted or transferred to burn centre. Third, the inclusion
of treatments solidiﬁes the steps necessary to manage a patient in a hospital setting. Lastly, the over-
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create a better understanding of burns in Africa and why they continue to be devastating social and
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Burn managementAbstract Malgre´ la fre´quence et la gravite´ des bruˆlures dans les pays a` faible revenu, dont bon
nombre en Afrique, il existe tre`s peu d’e´tudes et de fonds destine´s a` ces populations pour aider a`
la pre´vention, au traitement et au re´tablissement des patients victimes de bruˆlures. Les objectifs
de cet article sont au nombre de quatre. Premie`rement, en abordant la physiopathologie des bruˆ-
lures, le lecteur aura la possibilite´ de renforcer sa compre´hension de la progression clinique des bruˆ-
lures. Deuxie`mement, a` travers une e´valuation pertinente des patients bruˆle´s, on apprendra
comment de´cider si un patient peut quitter l’hoˆpital, eˆtre admis ou transferre´ dans un centre de
bruˆle´s. Troisie`mement, le fait d’inclure des traitement renforce les e´tapes ne´cessaires pour prendre
en charge un patient en milieu hospitalier. Finalement, l’objectif global de cet article est de faire
prendre conscience que plus de recherche, de publications et de fonds sont ne´cessaires pour favor-
iser une meilleure compre´hension des bruˆlures en Aﬁque et pourquoi elles continuent d’eˆtre des far-
deaux e´conomique et social catastrophiques.
ª 2012 African Federation for Emergency Medicine. Production and hosting by Elsevier B.V. All rights
reserved.African relevance
 Lower Income Countries in Africa, despite frequency and
severity of burn injuries, lack research and funding to aid
in prevention, treatment, and recovery.
 In rural clinics and hospitals without invasive monitoring
an understanding of local and systemic responses to burns
may help physicians gauge the severity of injury.
 In regions where resources may be scarce it is important to
know who deserves further treatment and who is safe for
discharge.
What’s new?
 Lower Income Countries in Africa, despite frequency and
severity of burn injuries, lack research and funding to aid
in prevention, treatment, and recovery.
 Review of risk factors for burns in Africa and preventative
measures needed to decrease injury.
 Local and systemic physiologic responses to burns.
 Approach to primary and secondary survey with initial
evaluation of patient.
Introduction
The World Health Organisation (WHO) showed in 2004 that
over 90% of the total fatal ﬁre-related burns occur in develop-
ing or low income countries (LIC).1 In LIC the rate of death
and disability from injuries (including burns) is increasing.1,2
As a global concern, preventing ﬁres (i.e. smoke detectors),
responding to ﬁres (i.e. ﬁre department personnel) as well as
individual consequences (i.e. healthcare costs) all combine to
create economic burden.3 This burden is greatest among
poorer countries that have incomplete regulation to prevent
ﬁres, limited access to emergency responders and few options
for insurance and disability coverage.
In comparison, in the United States between the years 2001
and 2010 there was a 96% survival rate of all patients admitted
to one of the 125 burn centres. Seventy-ﬁve percent of deathsrelated to ﬁre and burn injuries occurred at the scene or during
initial transport.4 Preventing the 75% out-of-hospital deaths
are as important as assuring the remaining 25% get appropri-
ate medical attention. In high income countries (HIC) the inci-
dence of injuries as well as morbidity and mortality from burns
is decreasing.5–7 The improvement is attributed to increasing
prevention as well as improving medical therapy.1,8,9
Optimization of burn care in low income settings is a prior-
ity.10 Development of an effective national burn care model is
dependent on money, materials and knowledge.11 For the indi-
vidual patient, treatment should begin with adequate ﬁrst aid
to limit tissue damage, morbidity and need for surgery. In
many parts of Africa, homemade remedies such as urine and
mud, cow dung, beaten eggs or mud and leaves are the primary
treatments.10 Combining traditional and western knowledge at
the lay-person level may be the ﬁrst step in developing a burn
care model.
Fire-related burns are one of the major causes of disability-
adjusted life years (loss of the equivalent of one year of good
health) in low income countries.12 Because of the large burden
on society there is signiﬁcant interest, such as in the World
Burn Foundation, in returning survivors to their baseline level
of function.13 Burns have physical and psychological effects on
survivors and require comprehensive rehabilitation. Even in
HIC there is a 90% dropout rate in the ﬁrst year for those
who do attempt rehabilitation.13 Despite national professional
societies such as, South Africa Burn Society, Trauma Society
of South Africa, National Burn Association of South Africa
and social support societies such as Childsafe, Southern Africa
Burn Foundation, and Children of Fire, much work is yet to
be done to improve patient outcomes.
Epidemiology and risk factors
In Africa, there are 6.1 burn related deaths per 100,000 popu-
lation per year compared to 1.0 burn related deaths per
100,000 population per year in high income countries.14 Eigh-
teen percent of hospital admissions in Africa are due to burns;
of those admitted there is a mortality rate of 6–10%.13 Vitality
statistics in the United States have been widely available with it
known that deaths from ﬁres and burns are the third leading
cause of fatal home injury.15,16 However in Africa, few coun-
tries have even partially completed vitality statistics.17
24 A. Landry et al.The United States Fire Administration recommends private
homes to have at least one working smoke alarm. Of surveyed
US households 96–97% have at least one smoke alarm.5
Unsurprisingly, there is no available data on the usage of
smoke alarms in private homes in Africa and most countries
have no legislation enforcing its use. While there is limited
published data on burns in Africa, a survey in Ethiopia showed
over 80% of the population’s burns occurred at home.18
There have been attempts to explain why burn mortality and
morbidity is sohigh inAfrica.WHOstates that commonrisk fac-
tors include alcohol and smoking use, open ﬁres near homes,
ground level stoves forcooking,highset temperature inhotwater
heaters, and sub-standard electrical wiring.4 Rode et al. add that
inﬂuxofpeople tourbanareas,poorurbandevelopmentandelec-
triﬁcation of homes, kerosene (also called parafﬁn) as an energy
source and lack of preventative programs all contribute.13
In the literature kerosene use is a large negative risk factor
for ﬁre occurrence.2,3,7,13 Maritz et al. found that 28% of all
mortalities in Africa were due to shack ﬁres and fuel stoves.
71% of the stove injuries were from kerosene stoves. Stove
injuries and the resulting shack ﬁres are noted to have high
mortality.19 Godwin et al. showed that out of 99 patients in-
jured by shack ﬁres, 39 patients died.20.
A new type of parafﬁn stove, the Parasafe Stove, is being
developed with the aims to signiﬁcantly reduce kerosene-re-
lated domestic burn injuries.13,21
Histology and pathophysiology
Histology
The skin is composed of two layers. Fig. 1 shows the basic
depiction of epidermis and dermis.22 The function of the epi-
dermis is to protect skin from pathogens, heat, UV radiation
and dehydration. The dermis consists of structural proteins
and cells which give strength to the skin. In the dermis are
blood vessels, hair follicles, sweat glands, and nerves.Fig. 1 MacNeil S. Progress and opportunities for tisBurns’ severity changes over the ﬁrst 2–3 days and the
depth of injury can vary on the same patient. Therapy in the
emergency room is usually based on initial burn characteristics
as the evolution of burns usually occurs after patient has left
the department. Fig. 2 shows the burn wound is an arrange-
ment of three zones radiating outwards from the centrally
burned tissue.23 These three zones describe the local response
to burns.
The Zone of Coagulation is the point of maximum dam-
age. The severity depends on exposure time, the vascular sup-
ply and thickness of skin as well as the temperature or
concentration of insult. The Zone of Stasis has decreased tis-
sue perfusion but potentially reversible with restored perfu-
sion. Delay in ﬂuids, infection or oedema can cause this
area to have complete tissue loss. The Zone of Hyperaemia
is the outermost region which appears erythematous since tis-
sue perfusion is increased secondary to release of vasoactive
substances.23.
Pathophysiology
Cardiovascular changes occur when the oedema is at its peak
and red blood cells leak through capillaries. As the burn ap-
proaches 15–20% TBSA, large ﬂuid shifts can force the patient
into shock 6–12 h after injury. Heat causes denaturation of
proteins and expansion of potential third space in the interstit-
ium. Damage to cellular membranes can allow for accumula-
tion of sodium and water which causes cellular swelling.
Myocardial contractility is decreased, peripheral and splanch-
nic vasoconstriction occurs which in combination with ﬂuid
shifts can cause end organ hypoperfusion. Respiratory distress
may occur if inﬂammatory mediators cause bronchoconstric-
tion or an ARDS type picture. Metabolic rate can increase
up to 300%, which in combination with splanchnic hypoperfu-
sion requires early enteral feeding to maintain gut integrity.
Immunological changes occur from down regulation of the im-
mune system.24sue-engineered skin. Nature Feb2007;445:874–880.
Fig. 2 Hettiaratchy S, Dzieulski P. Pathophysiology and types of burns. BMJ 2004;328:1427.
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Burn depth
Superﬁcial burns or First degree burns involve superﬁcial epi-
dermis and are erythematous, ﬂat, and painful. These typically
heal within 2–3 days by sloughing of skin. Scarring is rare.
These burns are often found at the borders of second degree
burns or develop after intense sun exposure.25.
Partial thickness or Second degree burns involve all of the
epidermis and part of the dermis. These have large variabil-
ity in depth, ability to heal and likelihood of hypertrophic
scarring.25 They are further classiﬁed according to the depth
of the dermis affected. Superﬁcial dermal burns involve the
entire epidermis and part of the dermis, appear erythematous
with clear blisters, are painful, blanch, and heal within
2 weeks.25 Deep dermal burns involve entire epidermis and
deep dermis with blistering, appear mottled pink and white
colour, less painful (due to nerve injury) and do not blanch.
These wounds are closer to Full thickness or Third degree
burns and may require skin grafting or intervention to
heal.26.
Full thickness or Third degree burns have complete involve-
ment of both the epidermis and the dermis, appear white, cher-
ry red, black or brown in colour, haemorrhagic blisters,
insensate, and non-blanching. These burns require surgery
and often lead to hypertrophic scarring, amputation and
contractures.25,26.
Circumferential burns (burns that encircle a limb, neck, or
torso) can limit vascular perfusion and may require escharot-
omy (an incision through the eschar to the depth of the subcu-
taneous fat permitting expansion of subcutaneous tissue and
decompression of underlying structures).27.
Surface area of burns
The extent of burns can also be classiﬁed as the percentage of
the Total Body Surface Area (TBSA), calculated most com-monly with the Lund and Browder chart or Rule of Nines.28
Estimating size is not difﬁcult if a standard system is used. It
is important to have accurate calculation of the percentage
of surface area affected as it may inﬂuence transfer to a burn
centre and amount of ﬂuid resuscitation required. More
importantly, mortality and morbidity from burn injury in-
creases with larger burn sizes.29 There is research showing poor
reliability of these methods between different physicians.29
While the Rule of Nines takes less time to complete, and is
helpful for patchy burns or in addition of Rule of nines, it of-
ten leads to a 3% larger burn estimate. The Lund and Browder
chart is regarded as the most accurate but it is also more com-
plex.29–31 However, it was shown that despite the differences in
TSBA measured by these tools, there was no statistically sig-
niﬁcant difference in complications and death when comparing
the two methods.29
Transfer decisions, resuscitation and prognosis all are inﬂu-
enced by the initial burn surface area. Therefore use of some
method is important. Fig. 3 is one of the many adaptions of
Lund and Browder diagram available.28Patient evaluation
Primary survey
A direct assessment of the airway is critical and begins by
evaluating for injury to the face and neck.32 Injury can result
in signiﬁcant airway oedema, especially if the mechanism was
from grease or ﬂame, which can cause deeper tissue involve-
ment.24 Oedema usually worsens with ﬂuid resuscitation so
re-evaluation for airway compromise is necessary. Early intu-
bation is required in those who are unconscious, hypoxic, or
present with signs and symptoms of severe smoke inhalation
or burns to the face and neck. Breathing assessment should
begin with every patient with moderate to severe burns
receiving supplementary high ﬂow oxygen. For carbon mon-
oxide poisoning, place patient on 100% O2 non-rebreather
face mask.25,26,33 There may be mechanical resistance
Fig. 3 Hettiaratchy S, Papini R. Initial management of a major burn: II––assessment and resuscitation. BMJ 2004;329:7457.
26 A. Landry et al.limiting chest wall expansion from circumferential brea-
things. Patients with blast injuries may experience tension
pneumothoraces, lung contusions or alveolar haemorrhage
leading to adult respiratory distress syndrome. Smoke inhala-
tion may cause pulmonary injury such as bronchospasm,
inﬂammation, and damage to ciliary function that can cause
atelectasis and pneumonia.33 Mainstay treatment is mechan-
ical ventilation, humidiﬁcation and airway toilet.34 Circula-
tion may be protected by two large bore cannulas placed
preferably through unaffected and cleaned tissue. Large bore
intravenous access will provide resuscitation with ﬂuids and
blood products. Circumferential burns may decrease distal
tissue perfusion and often require escharotomy. Hypovol-
emia shock is not a normal initial response to a burn, if
found on arrival consider causes such as cardiogenic shock,
tension pneumothorax, bleeding, or delayed presentation.Secondary survey
A careful physical examination should look for other associ-
ated injury. Remove clothing and jewellery that are burned,
constricting or covered in chemicals. Cool and clean burns that
are less than 3 h old with ﬂowing tap water (15–25 C) for at
least 30 min.26 Avoid ice since it may increase tissue injury.35,36
Cooling and cleaning often will require local or regional anaes-
thetic. Cleaning with povidone/iodine (Betadine) or chlorhexi-
dine is contraindicated since they often delay tissue healing.36
Cover the patient with a blanket to help prevent hypothermia.
A history should be taken from the patient, witnesses, family
or emergency response personnel. History should include
cause, time and duration of burn (including temperature of
water, names of chemicals or solutions), comorbid illnesses,
tetanus status, and other associated injuries.37
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Fluid resuscitation
Patients with burns <10% TBSA can be hydrated orally, un-
less there is trauma or burns to mouth or airway. Burns >10%
TBSA require 1–2 large bore IV lines (or intra-osseous lines)
for ﬂuid resuscitation. The Parkland formula (4 ml isotonic
crystalloid solution · kg of body weight · (%BSA) = total
ml in the ﬁrst 24 h) may be used to initiate ﬂuids for on-going
resuscitation and ﬂuid losses.26 Half of this total is given dur-
ing the ﬁrst 8 h post injury and the remaining given during the
next 16 h. Every patient has different systemic responses to
burns with ﬂuid loss and shifts so it must be kept in mind that
crystalloid demands are not equivalent to all patients.38
A Foley catheter for patients with burns >15% TBSA is
needed to monitor urine output. According to the Advanced
Paediatric Life Support manual, urine output should be kept
at 1 ml/kg/h for children, and 0.5–1 ml/kg/hr in adults.39
Diuretics are contraindicated to improve output, instead ﬂuid
rates and volume can be adjusted. Dark or red urine requires
consult to a burn centre for renal failure.25
One concern with ﬂuid resuscitation is that excessive ﬂuid
resuscitation can lead to ‘‘ﬂuid creep’’, described as pulmonary
oedema, acute respiratory distress syndrome, cerebral oedema
and abdominal or limb compartment syndrome.40 Excessive
resuscitation can often occur when patients have strict hydra-
tion and urinary output goals. While there are suggestions to
decrease the Parkland formula to 3 ml/kg/%TBSA, measure
intravesical and abdominal perfusion pressures and use col-
loids after 8 h of crystalloids, the most important approach
is to constantly monitor patients’ vitals, exam, laboratories,
and urine output.41
Medication
Tetanus immunisation and pain medications IV or oral (not
IM) are often required.24 Mild pain in those not at risk for re-
nal injury can be treated with non-steroidal anti-inﬂammatory
agents or acetaminophen. Moderate to severe pain will likely
require opioids.42
Superﬁcial burns do not require antibiotics or wound dress-
ings. They may be treated with any high lipid containing prod-
uct such as aloe vera, lotion or honey.43–45 Topical steroids do
not reduce inﬂammation and should be avoided in superﬁcial
burns.46 All deeper burns require topical antimicrobial or an
absorptive occlusive dressing (such as Aquacel, Duoderm,
Xeroform). In HIC, topical silver sulphadiazine is the standard
treatment with contraindications to those with sulpha allergy,
pregnant or newborns.47 While there are studies comparing
occlusive dressing to silver sulphadiazine there is a paucity of
data to guide physicians.48 A 2008 Cochrane review states that
overall data are limited in guiding treatments but, occlusive
dressings should be used instead that may result in faster heal-
ing, decreased pain and fewer dressing changes.49 In South
Africa, a new topical therapy, nanocrystalline silver-coated
NS dressing (Acticoat) is growing in favour since it has showed
a decreased number of dressings and shorter hospital stay.50
Studies in the United States have shown also that Acticoat
has a long wear time and less painful application and removal,
fewer adverse effects and shorter healing times.51,52Surgical debridement may be required for deep partial
thickness and full thickness wounds. In the acute phase these
wounds need simple cover. Saline bandages or Cling wrap is
often all that is needed to keep patients warm and dry with
wounds covered.53
Chemical burns
Patients should be fully exposed with powdered chemicals
brushed off and skin ﬂushed for a minimum of 30 min using
copious volumes of running water. An acid burn should not
be neutralised with a base, and vice versa.24.
Electrical injuries
Differentiate between low-voltage (<1000 V) and high-voltage
(>1000 V) injuries. Immediate death usually occurs from ven-
tricular ﬁbrillation or asystole induced by current or respira-
tory arrest from paralysis. For those who survive, they will
need cardiac monitoring and treatment of life-threatening
arrhythmias. Patients with low voltage burns who are asymp-
tomatic and stable may be discharged home from the emer-
gency centre.54 There is no speciﬁc therapy for electrical
burns so the role of the care giver is usually supportive. In
some cases, compartment syndrome in high voltage limb burns
might require fasciotomy.55
Discharge
Transfer to a specialist burn centre if available and indicated.
Table 137 is a modiﬁed South African Burn Society Referral
Criteria.
Table 225 lists criteria for safe discharge of burn patients.
Particular attention should be paid to patient and family
understanding of follow-up, wound care, outpatient analgesia
and return precautions.
Conclusion
Most research geared towards burns in Africa is centred on
prevention. Yet with poor government funding and initiative,
most low-income countries lack effective preventive pro-
grammes.56 The need for patient and caregiver education is
crucial and while there are campaigns to change risk factors,
such as kerosene lamps or delay in seeking treatment, there
is still room for improvement.57 Effective burn care and the
reduction of the associated morbidity and mortality is a chal-
lenge that cannot be avoided.
Appendix A. Short answer questions
1. Which of the following are appropriate approaches to ini-
tial survey and treatment of any burn patient?
a. Remove all clothing and jewellery that are burnt, con-
stricting, or covered in chemicals. Be sure to clean
wounds with cool water, while avoiding patient expo-
sure to ice.
b. Due to high volume ﬂuid loss in burn victims, any
assessment of a patient begins ﬁrst with evaluating
blood pressure and ﬂuid status.
Table 1 Criteria for transfer to burn centre. (Modiﬁed from the South African Burn Society Burn Stabilization Protocol).
 Patients <1 year old
 Patients 1–2 years old with burns >5% TBSA
 Full thickness burns
 >2 years old with partial thickness burns >10% TBSA
 Burns to face, hands, feet, genitalia, perineum or major joints
 Electrical, lightning, chemical burns
 Patients with inhalation injury from ﬁre or scald burns
 Patients with circumferential burns of limbs or chest
 Patients with pre-existing medical disorders that could complicate management, prolong recovery or aﬀect mortality
 Any patient with burns and concomitant trauma
 Cases where child abuse is suspected
 Burns with treatment requirements exceeding the capabilities of the referring centre
 Septic burn wound cases
Table 2 Criteria for outpatient burn care. (Modiﬁed from Sheridan, R. article pertaining to paediatric patients).
 No question of airway compromise
 Wound should be generally < 10% so that ﬂuid resuscitation is unnecessary
 Patient must be able to take in food by mouth
 No serious burns of the face, ears, hands, genitals, feet
 Family and friends must have resources to support an outpatient care plan
 An adult caregiver should be able to stay with a child who may not be able to attend school.
 Patient or another adult must be able to properly perform wound cleaning, inspection and dressing changes.
 Patient must have transportation to health care provider or emergency services
 No suspicion of abuse
 Wounds do not warrant surgical evaluation
28 A. Landry et al.c. Avoid cleaning wounds with Betadine or chlorhexidine.
d. Keep patients uncovered to prevent hyperthermia.
e. All of the above.
2. Regarding electrical burns, which of the following are true
a. Low voltage burn is often described as <1000 V and
high voltage as >1000 V.
b. Death after electrical injury is usually caused by rapid
atrial ﬁbrillation or asystole.
c. Patients with either low or high voltage burns present-
ing in normal sinus rhythm and are otherwise stable for
discharge can be sent home from the ED without need
for further cardiac monitoring.
d. There is no standard of care for electrical burns and
usually involves monitoring and supportive treatment.
e. All of the above.
3. According to the modiﬁed South African Burn Society
Referral Criteria the following patients should be referred
to a burn centre EXCEPT
a. Patients <1 year old.
b. Patients >2 years old with partial thickness burns
>10% TBSA.
c. Burns to face, hands, feet, or genitals.
d. Only patients with burns and no concomitant trauma.
e. Septic burn wounds.
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